ABSTRACT
THE CONTEXT
With the opening of the electricity market in Europe, the regulators request the distribution network operators' commitments towards their customers to be better specified, in particular for power quality. In France, the Ministry of Industry has already defined commitments for supply voltage variations and for long and short interruptions of the supply voltage.
The French Ministry of Industry would also like to specify commitments for very short interruptions (< 1 sec) and voltage dips. But the knowledge of the distribution system performances for these power quality parameters is not sufficient today.
SIMULATION TOOL OBJECTIVES
In order to better know the performances of its distribution system, the French Distribution Network Operator ERDF is making a new simulation tool (VD METRIQUE) for voltage dips. The main objectives of this tool are:
-to predict the statistical distribution of voltage dips (number, depth) at each place on MV systems; -to assess the performance level about voltage dips for any MV customer or MV/LV substation, as well as the overall performance level in large geographical areas; -to assess the impact of modification policies on distribution systems in terms of voltage dip levels.
SIMULATION TOOL DESCRIPTION

General principles
The simulation tool works from the description of real existing MV distribution networks. Thus, it is possible to assess the voltage dip distribution seen by a given customer. By considering a great number of MV networks, it is also possible to obtain a global assessment taking into account the diversity of all existing situations.
It is assumed that the vast majority of the voltage dips seen by a customer connected at MV or LV are due to the faults occurring on the MV distribution system. The simulation tool considers the various types of MV faults, taking into account the number of faulty phases (three-phase, twophase-to-earth, phase-to-phase, phase-to-earth) and the difficulty of fault clearance (self-extinguishing, transient, semi-permanent, permanent). The percentage used for each type of fault comes from the results of surveys on MV networks.
The number of faults occurring on an MV network depends on its global reliability. In order to calculate the distribution of voltage dips, the simulation tool takes into account the reliability of each component of the MV network considered.
Functioning principle of VD METRIQUE
For a given MV network, that is to say the whole MV network supplied by an HV/MV transformer, the simulation tool calculates the voltage dip distribution (number, depth) at each place where a load (MV customer or public MV/LV substation) is connected to the MV network, according to the following steps: -First, VD METRIQUE works out an equivalent electric diagram of the MV network. -Then, VD METRIQUE simulates a great number of faults spread throughout the network. -For each simulated fault, it calculates the voltage dip depth at every place where a load is connected to the MV network. From the type of the fault considered and the reliability of the faulty network component, it deduces the yearly probability of occurrence of voltage dip due to this fault. -At last, VD METRIQUE adds all the preceding results to obtain the average statistical distribution of voltage dips over one year (number, depth) at each place on the MV network.
Structure of VD METRIQUE
The simulation tool VD METRIQUE is made up of three main modules (see Figure 1) 
MV network modelling
The first module of the simulation tool models the MV network to be studied. The characteristics of the French MV networks are completely described in a database. The simulation tool extracts all the data related to the MV network supplied by an HV/MV transformer from this database, and works out an equivalent electric diagram of the whole MV system.
Calculation of the depth of voltage dips
The second module of the simulation tool calculates the depth of voltage dips. For a given fault (location on the MV system, type of the fault), this module analytically calculates the voltage dip magnitude produced at the MV busbar, as well as at all the MV system nodes where an MV customer or a public MV/LV substation is connected.
Calculation of the statistical distribution of voltage dips
The third module of the simulation tool calculates the average statistical distribution of voltage dips over one year (number, depth) at each place on the MV network considered.
This module considers a great number of faults which are equally spaced on the MV network. The distance between successive fault locations is chosen by the user. The module selects fault locations and, at each of these locations, simulates one fault of each type (defined by the number of faulty phases and the difficulty of clearance).
For each fault considered, the module determines the characteristics of the resulting voltage dip: depth and yearly probability. The depth of the voltage dip at each MV node is calculated by the second module. The number of voltage dips caused by the fault considered is equal to one plus the number of unsuccessful automatic reclosing cycles. The yearly probability is then obtained by weighting this number with the average failure rate of the faulty network component and the probability of occurrence of the type of the fault considered.
At last, the third module gathers the results obtained for all the simulated faults and produces the average statistical distribution of voltage dips over one year (depth, number) at each MV node which an MV customer or a public MV/LV substation is connected to.
FIRST RESULTS WITH THE SIMULATION TOOL
The results calculated by the simulation tool were compared with results observed on real MV systems. Two types of comparison were done: -with the depth of voltage dips due to permanent faults of which the positions were known, -with the statistical distribution of voltage dips observed on several MV systems.
These comparisons were done on two types of MV systems: -urban networks made up only of underground feeders, -rural networks made up mainly of feeders with a high rate of overhead lines.
Validation of the calculation of the depth of voltage dips
The national database MAGIQ contains all the data provided by the power quality measuring instruments, in particular the time, the duration and the depth of each voltage dip recorded. Measuring instruments are usually connected to the MV busbar in HV/MV substations or the point of connection of large MV customers.
The national database CF (continuity of supply) contains all information related to long interruptions (longer than three minutes) that have occurred on the French MV system. In particular, for an interruption it contains the time when it began and both MV nodes that surrounded the faulty system component.
From the time of permanent faults provided by the database CF and the time of the voltage dips recorded in the database MAGIQ, it is possible to know the depth of the voltage dip caused by a permanent fault of which the location on the MV system is known. The validation then consists in simulating the permanent fault at each of both MV nodes surrounding the fault location in the considered MV network and comparing the depths of both voltage dips calculated at the busbar level in the HV/MV substation with the depth of the voltage dip recorded by the measuring instrument.
The validation of the simulation tool was carried out on about ten permanent faults. 
Comparison with measured statistical distributions of voltage dips
The statistical distributions of voltage dips calculated by VD METRIQUE on real MV networks were compared with the results recorded by power quality measuring instruments connected to the MV busbar of the HV/MV substations supplying these same MV networks.
For this comparison, only the voltage dips with a duration higher than 30 ms have been taken into account.
Results obtained in urban substations
The comparison has been made on six urban substations. For the depth of voltage dips, one reason may be the fact that VD METRIQUE simulates faults with no impedance, as said in the preceding section. Thus the depth calculated is deeper than the depth measured by power quality measuring instruments.
For the number of voltage dips, the difference may be due to the following reasons: -The fault rates used for underground systems are not accurate enough.
-Voltage dips observed on MV networks are not all due to faults occurring at MV. In particular, because of the very low number of faults on urban MV networks, voltage dips caused by faults occurring on the upstream system may be preponderant.
Results obtained in rural substations
The comparison has been made on fourteen rural substations. Figures 3 to 5 present three cases which are representative of rural networks.
According to these figures, the difference for rural MV systems between the data recorded in the power quality database MAGIQ and the statistical distribution of voltage dips calculated by VD METRIQUE varies from network to network. At last for some rural networks (see Figure 5 ), VD METRIQUE results are close to MAGIQ data in terms of depth and in terms of number of voltage dips.
For the number of voltage dips, the differences may be due to the following reasons:
-The fault rates used for MV system components are not accurate enough.
-The results calculated by VD METRIQUE are average values over one year. However, on real MV networks, the number of faults occurring over one year highly depends on the climatic conditions during this year. So it is natural to see differences between the measured data and the assessed values.
PROSPECTS
Today the simulation tool "VD METRIQUE" assesses the average statistical distribution of voltage dips over one year (number, depth) for any MV system supplied by an HV/MV substation. Some results seem to be satisfactory on MV rural networks, but for urban networks they need to be improved.
After adjustments of the present simulation tool, the duration of voltage dips will also be taken into account from the characteristics of protection and automatic reclosing equipment on MV feeders. Another module should be added to assess the overall voltage dip performance level in large areas. In the future, by modifying the algorithm that selects the fault positions, it should also be possible to assess the probability not to exceed a given performance level for voltage dips in terms of number, depth and duration.
